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Figure S1 Amino acid sequence analysis of seven OccK subfamily members. (A) Phylogenetic tree
generated by ClustalW2 (Version 2.1, The European Bioinformatics Institute, UK) and (B) Sequence
homology analysis generated by Clustal Omega (Version 1.0.3, The European Bioinformatics Institute,
UK), where conserved sites are marked with *', "', or ." at the bottom of the sequences. An asterisk (*)
indicates positions which have a single, invariant residue. A colon (:) indicates conservation between
groups of strongly similar properties (scoring > 0.5 in the Gonnet PAM 250 matrix). A period (.) indicates
conservation between groups of weakly similar properties (scoring =< 0.5 in the Gonnet PAM 250
matrix). The B-barrel regions are highlighted in yellow. The charged amino acids located near the central
constriction are marked in red. Large extracellular loops L3, L4, and L7, which are folded back into the
channel lumen, are indicated by horizontal arrows.
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Figure S2 The single-channel sub-state transition analyses of the OccK subfamily members. (A)
OccK1, (B) OccK2, (C) OccK4, (D) OccKb5, (E) OccK6 and (F) OccK?7. For (A), (E) and (F), (i),(ii), and
(iii) are the dwell time histograms of the O;, O,, and O3 open sub-states, respectively. In these cases, (iv)
represent the fitted current amplitude histograms, indicating the number of events of each open sub-state.
For (B), (C), and (D), (i) and (ii) are the dwell time histograms of the O, and O, open sub-states, whereas
(iii) are the fitted current amplitude histograms. Data were collected in 1M KCI, 10 mM potassium
phosphate, pH=7.4, and at a transmembrane potential of +60 mV. For OccK4 and OccKG®, the traces were
low-pass Bessel filtered at 5 kHz. In the case of the other protein channels, we used a filtering frequency
of 2 kHz. All the dwell time histograms are fitted to a single-exponential distribution, as judged by log
likelihood ratio (LLR) tests with a confidence level of 95% (1;2). The fitting results of the dwell time
histograms were the following: to; (OccK1) = 2.37 + 0.06 ms; 7o, (OccK1) = 6.09 £ 0.08 ms; 703
(OccK1) =4.79 £ 0.06 ms ;o1 (OccK2) = 0.38 = 0.02 ms; 702 (OccK?2) = 19.16 + 0.23 ms; 703 (OccK2) =
0.56 + 0.02 ms; To1 (OccK4) = 129 + 6 ms; 702 (OccK4) = 0.14 + 0.01 ms; 7o (OccK5) = 29.1 + 0.4 pS;
To2 (OccK5) = 0.12 + 0.01 ms; To1 (OccKB) = 219 + 20 ms; T, (OccK6) = 1.11 + 0.03 ms; To; (OccK7) =

0.72 £ 0.03 ms; 702 (OccK7) = 19.1 £ 0.3 ms; 703 (OccK7) = 0.48 £ 0.01 ms.



A three-open sub-state kinetic model for the current fluctuations of the OccK

proteins
Using standard formalisms of chemical kinetics for single-molecule fluctuations of the OccK protein
channel (3), we have the following system of partial differential equations (4-6):

dP,
o= —Ko1502Po1 + Kozos01Po2
dt
ol
d?z = +Ko1502Po1 —Koz01Po2 *+ Koas02Pos —KozososPoz S
dR,
d?s = —Kos02P0s +Koz,03Po2

where Po1, Poz and Pos are the probabilities to occupy the O, O, and O3 sub-states, respectively. These
probabilities are defined by the following expressions (4-6):
Tor _ NoiZo

Por = T T = foitor
T No.7,

Pop = 2 = —202 :(f01+ f03)7'02 (S2)
T T
T Ng.7

Pos = .IC.B = O-Ig. 2 = o303

Here, To1, Toz and Togare the total times occupied by the O1, O, and O3 sub-states, respectively. No1, Noz
and Nog are the total recorded events that correspond to the O;, O, and O sub-states, respectively. T
indicates the total recording time. f and z denote the event frequency and the average dwell time for a
well-defined sub-state, respectively. The equations (S2) show two components for the O, state,
corresponding to transitions toward the O; and O3 sub-states. In other words, the well made by the O,
sub-state is flanked by two barriers for reaching the O; and O3 sub-states.

The rates for reaching the O; and O3 sub-states are just the corresponding event frequencies, which are
normalized to the Po, probability:

Kozsor = h = for
” Poo 1= fouTor— fosTos (S3)
I AT =
0803 Poz 1= fo1701— fosTos

At equilibrium, the partial derivatives of equations (S1) are zero, since the event probabilities are
constant. Therefore,

1
kouoz = T_
01 (84)
1
kOSaOZ =
To3

The equations (S3) and (S4) indicate that the four rates, which describe the kinetic scheme with three
open sub-states, can be calculated using the event frequencies and the average dwell times of the flanked
0O and O3 sub-states. In addition, the equations (S3) and (S4) confirm the general rule that the average
dwell time in a particular sub-state is given by the reciprocal of the sum of the kinetic rate constants for
the transitions occurring away from that respective sub-state (3;7-9):

1

= (S5)

= kozam + koz»os
To2
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Table S1: The standard free energies corresponding to various gating transitions of the OccK1 protein.
(A) 1 M KCL; (B) 2 M KCI; (C) 3M KCI; (D) 4 M KCL. The buffer solution contained 10 mM potassium
phosphate, pH 8.0. All standard free energy (AG ) values are given in ksT. Data represent averages + SDs
over a number of at least three distinct single-channel electrical recordings.

A.
U (mV) AGg,; o, AGys 0,
-80 -2.8+0.2 -1.6+0.1
-60 -3.4+0.2 -1.6+0.1
-40 -4.4+0.5 -1.5+0.1
-20 -4.9+0.6 -1.8+0.1
+20 -3.7+£0.1 -20+0.1
+40 -3.4+0.2 -1.6+0.3
+60 -3.3+0.5 -1.8+0.2
+80 -26+0.1 -1.6+0.2
B.
U (mV) AGyy 0, AGyy 0,
-80 -3.0+0.2 -1.2+0.3
-60 -3.3+0.4 -1.1+0.3
-40 -3.6+0.3 -0.8+0.5
-20 -3.7+£0.1 -1.1+04
+20 -3.5+04 -1.1+0.3
+40 -3.5+04 -0.9+0.3
+60 -3.3+0.5 -1.4+0.2
+80 -3.3+0.5 -1.4+0.2
C.
U (mV) AGgyy 0, AGys 0,
-80 -2.7+0.3 -0.9+0.5
-60 -3.3+0.1 -0.9+0.3
-40 -3.9+0.2 -1.5+0.1
-20 -4.0+0.3 -1.3+0.1
+20 -4.2+0.3 -1.6+0.3
+40 -4.0+0.6 -14+0.1
+60 -4.0+0.9 -1.3+0.1
+80 -3.6+1.1 -1.1+0.2
D.
U (mV) AGyy 0, AGys 0,
-80 -3.2+0.1 -0.4+04
-60 -3.0+0.1 -0.1+04
-40 -3.6+0.4 -0.2+0.3
-20 -3.9+0.2 -0.3+0.2
+20 -4.8+0.3 -0.4+0.2
+40 -4.2+0.6 -0.4+0.3
+60 -4.1+0.6 -0.4+£0.2
+80 -4.2+0.6 -0.3+0.2
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